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Abstract
We study the decays of the Higgs bosons H±, H0, and A0 within
the Minimal Supersymmetric Standard Model. For decays into quarks
and squarks we include the supersymmetric QCD radiative corrections.
We find that the corrections are significant and can go up to 50%. The
supersymmetric decay modes H+ → t˜¯˜b and H0(A0) → t˜¯t˜ can be domi-
nant in a wide range of the model parameters due to the large Yukawa
couplings and mixings of t˜ and b˜.
1 Introduction
We need to find the Higgs boson for a conclusive test of the electroweak sym-
metry breaking mechanism of the Standard Model. The search for the Higgs
boson, therefore, has high priority at LEP, TEVATRON, LHC, and a future
e+e− Linear Collider. To facilitate searching for the Higgs boson we need to
study not only the production mechanisms, but also all possible decay modes.
While in the Standard Model (SM) there is only one physical Higgs particle,
extensions of the SM contain more Higgs bosons.
In this contribution we consider Higgs particle decays in the Minimal Su-
persymmetric Standard Model (MSSM) 1. The MSSM implies the existence of
five physical Higgs bosons h0, H0, A0, and H± 2,3. Provided that all SUSY
particles are very heavy, the H+ decays mainly into tb¯, and below the tb¯ thresh-
old the decays H+ → τ+ν and/or H+ → W+h0 are dominant 2,4. Similarly,
if all decay modes of H0 and A0 into SUSY particles are kinematically forbid-
den, they decay dominantly into a fermion pair of the third generation. Higgs
boson decays into supersymmetric (SUSY) particles can be very important
if they are kinematically allowed. The decays into charginos and neutralinos
† Talk presented at the International Workshop on Quantum Effects in the MSSM, Septem-
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can have large branching ratios, and can significantly change the signatures of
SUSY Higgs particles 5,6. The decays into squarks can be the dominant decay
modes of Higgs bosons in a large parameter region in case that the squarks are
relatively light 7,8.
For a precise determination of the Higgs boson couplings to quarks and
squarks we need to include the SUSY–QCD corrections in the calculation of
the decay widths. The SUSY–QCD corrections in O(αs) were calculated in the
on–shell scheme for the processes H+ → tb¯ in 9,10, and for H0, A0 → qq¯ in 11.
For the decays of Higgs particles into squark pairs we calculated the SUSY–
QCD corrections in the on–shell scheme in 12, including squark–mixing and a
proper renormalization of the mixing angle θq˜
13. The SUSY–QCD corrections
to Higgs boson decays into squarks were also studied in 14 recently.
In this talk we review our work on the branching ratios of Higgs boson
decays. In order to show how the branching ratios of the various decay modes
depend on the SUSY parameters, we will first summarize the tree–level results.
Then we will take into account the SUSY–QCD corrections in O(αs) for the
decay branching ratios into third generation quarks and squarks. We will show
that in most cases the SUSY–QCD corrections are significant and need to be
included.
At tree–level the masses of the MSSM Higgs bosons depend on the two
parameters mA and tanβ. mA is the mass of the pseudoscalar Higgs boson
A0, and tanβ = v2v1 is the ratio of the vacuum expectation values of the two
neutral Higgs doublet states2,3. The mass of h0 gets large radiative corrections
from one–loop contributions. We will take into account these corrections using
the formulae of 15. The experimental lower bounds on the Higgs boson masses
from LEP are mh0 > 62 GeV and mA0 > 62 GeV
16. In addition to tanβ,
the main SUSY parameters in the chargino and neutralino systems are the
Higgs–higgsino mass parameter µ and the SU(2) gaugino mass parameter M .
We assume that M is related to the gluino mass mg˜ and the U(1) gaugino
mass parameter M ′ by M = (α2/αs(mg˜))mg˜ = 3/(5 tan
2 θW )M
′. For the
third generation squarks and sleptons we also need the mass parameters MQ˜,
MU˜ , MD˜, ML˜, ME˜ , and the trilinear scalar coupling parameters At, Ab and
Aτ .
2 Tree–Level Widths
In the following we will use the short–hand notation Hk, k = 1, 2, 3, 4, for the
Higgs bosons of the MSSM, with H1 ≡ h0, H2 ≡ H0, H3 ≡ A0, and H4 ≡ H+.
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The decay widths for Hk → qq¯, k = 1, 2, 3, q = t, b, and H+ → tb¯ are given by
Γtree(Hk → qq¯) = 3g
2m2q(d
q
k)
2mHk
32πm2W a
2
q
(
1− 4m
2
q
m2
Hk
)(3/2−δk3)
(k = 1, 2, 3), (1)
Γtree(H+ → tb¯) = 3κ(m
2
H+ ,m
2
t ,m
2
b)
16πm3H+
×[
(m2H+ −m2t −m2b)(y2t + y2b )− 4mtmbytyb
]
, (2)
with κ(x, y, z) ≡ ((x− y− z)2 − 4yz)1/2, dt1 = db2 = cosα, dt2 = −db1 = − sinα,
dt3 = ab = cosβ, d
b
3 = −at = − sinβ, where α is the mixing angle in the
h0 – H0 system 2,3. yt and yb are related to the Yukawa couplings and are
yt = ht cosβ = gmt cotβ/(
√
2mW ) and yb = hb sinβ = gmb tanβ/(
√
2mW ).
The decay widths into top quarks are large due to the large top quark mass. If
tanβ > 20, the decay modes into bottom quarks can also become important.
Asymptotically for mHk ≫ mq the Higgs boson decay widths into quarks are
proportional to mHk .
The Higgs boson decay widths into squarks of the third generation depend
on q˜L− q˜R mixing. This mixing is described by the squark mass matrix which
in the basis (q˜L, q˜R), q˜ = t˜ or b˜, and in the diagonalized form is(
m2LL m
2
LR
m2RL m
2
RR
)
= (Rq˜)†
(
m2q˜1 0
0 m2q˜2
)
Rq˜ , (3)
where Rq˜iα is a 2× 2 rotation matrix with rotation angle θq˜, and
m2LL = M
2
Q˜
+m2q +m
2
Z cos 2β(I
3L
q − eq sin2 θW ) , (4)
m2RR = M
2
{U˜,D˜}
+m2q +m
2
Z cos 2β eq sin
2 θW , (5)
m2LR = m
2
RL = mq(Aq − µ(tanβ)−2I
3L
q ) . (6)
I3Lq and eq are the third component of isospin and the electric charge of the
quark q, and θW is the Weinberg angle. The mass eigenstates q˜i, i = 1, 2,
(mq˜1 < mq˜2) are related to the states q˜α, α = L,R, by q˜i = R
q˜
iαq˜α.
The widths of the decays Hk → q˜i¯˜qj at tree–level are
Γtree(Hk → q˜i¯˜qj) =
3κ(m2Hk ,m
2
q˜i
,m2q˜j )
16πm3
Hk
|Gq˜ijk |2 . (7)
For k = 1, 2, 3 we have q˜ = t˜, b˜, and for k = 4 we have q˜i ≡ t˜i, q˜j ≡ b˜j ,
(i, j = 1, 2). The expressions for the couplings Gq˜ijk are given in
12. The
3
Higgs boson decay widths into squarks can be large in the case of large squark
mixing. For example, the width of A0 → q˜1¯˜q2 is directly proportional to
|mq(Aq(tanβ)−2I3Lq +µ)|2. The same expressions appear in the couplings Gij4
for the decaysH+ → t˜i¯˜bj . TheH0t˜i t˜j couplings can be large since they contain
terms proportional to mt, and the H
0b˜ib˜j couplings can be large if tanβ > 20.
More details can be found in 8. For mHk ≫ mq˜i the widths of Higgs boson
decays into squarks behave asymptotically like 1/mHk .
In the calculation of the corresponding branching ratios we have included
the widths of the following H+, H0 and A0 decay modes:
(i) H+ → tb¯, cs¯, τ+ντ , W+h0, t˜i¯˜bj , χ˜+k χ˜0l , τ˜+i ν˜τ , ℓ˜+L ν˜ℓ (ℓ = e, µ),
(ii) H0 → tt¯, bb¯, cc¯, τ−τ+, W+W−, Z0Z0, h0h0, A0A0, W±H∓,
Z0A0, t˜i
¯˜tj , b˜i
¯˜
bj , ℓ˜
−
i ℓ˜
+
j , ν˜ℓ
¯˜νℓ (ℓ = e, µ, τ), χ˜
+
i χ˜
−
j , χ˜
0
kχ˜
0
l , and
(iii) A0 → tt¯, bb¯, cc¯, τ−τ+, Z0h0, t˜1¯˜t2, t˜2¯˜t1, b˜1¯˜b2, b˜2¯˜b1, τ˜−1 τ˜+2 , τ˜−2 τ˜+1 ,
χ˜+i χ˜
−
j , χ˜
0
kχ˜
0
l .
Formulae for these widths are found e. g. in 2. We have not taken into
account loop induced decay modes like H+ →W+Z0,W+γ, H0 → gg, γγ etc.,
and three-body decay modes 17,18.
We have shown in 7,8 that the branching ratios for decays into squarks,
H+ → t˜i¯˜bj , H0 → t˜i¯˜tj , b˜i¯˜bj , and A0 → t˜1¯˜t2, b˜1¯˜b2 can be larger than 50% in
a sizeable region of the SUSY parameter space. To illustrate this we show
in Figs. 2a, and c the tree level decay widths (dashed lines) Γ(H0 → t˜¯t˜) ≡∑
i,j Γ(H
0 → t˜i¯˜tj) and Γ(A0 → t˜1¯˜t2) as a function of mA. For comparison
we also show in Figs. 2a and c the tree level decay widths Γ(H0 → tt¯) and
Γ(A0 → tt¯) (dashed lines). Fig. 3a shows the tree level decay widths Γ(H+ →
t˜
¯˜
b) ≡∑i,j Γ(H+ → t˜i¯˜bj) and Γ(H+ → tb¯) as a function of mA (dashed lines).
In these plots we have assumed the relations MQ˜ : MU˜ : MD˜ = 1 :
8
9 :
10
9 for
the squark mass parameters, and A ≡ At = Ab for the trilinear scalar coupling
parameters. We have taken MQ˜ = 120 GeV, A = 280 GeV, µ = 300 GeV,
M = 140 GeV, and tanβ = 3. In the plots we have required mh0 > 70 GeV.
For largemA0 one hasmH+ ≈ mH0 ≈ mA0 . For this set of parameters we have
(in GeV) (mt˜1 , mt˜2 , mb˜1 , mb˜2 , mg˜, mχ˜01 , mχ˜+1
) = (102, 271, 121, 145, 412, 63,
116). In the examples shown, the decay widths Γ(H0 → t˜¯t˜), Γ(A0 → t˜1¯˜t2),
and Γ(H+ → t˜¯˜b) are always much larger than the decay widths Γ(H0 → tt¯),
Γ(A0 → tt¯), and Γ(H+ → tb¯), respectively. The corresponding branching
ratios for decays into third generation squarks are much larger than 50% in
the whole mA range shown where these decays are kinematically allowed. The
branching ratios for the decays into sbottoms, H0 → b˜i¯˜bj and A0 → b˜1¯˜b2 turn
4
out to be less than 3% due to the low tanβ value considered.
3 SUSY–QCD Corrected Decay Widths
In Section 2 we have seen that the Higgs boson decays into squarks can be
important. Therefore, it is necessary to include the SUSY–QCD radiative
corrections in the calculation of the widths for the decays into squarks and into
quarks. In this section we will review some of our results about the branching
ratios of Higgs boson decays including the SUSY–QCD corrections in O(αs).
For further details concerning the theoretical calculation of these corrections
we refer to 9,10,11,12,14.
The Feynman diagrams for the virtual O(αs) SUSY–QCD corrections are
shown in Fig. 1. We work in the on–shell renormalization scheme. We first
discuss the radiative corrections for the Higgs boson decays into squarks. In
this case the virtual corrections consist of the vertex corrections, wave function
corrections, and the corrections due to the shift from the bare couplings to the
on–shell couplings. We use the scheme introduced in13 for e+e− → q˜i¯˜qj , where
we fixed the counterterm of the squark mixing angle such that it cancels the
off–diagonal term of the squark wave–function correction to e+e− → q˜1¯˜q2. For
the shift δθq˜ we take the same expression as in
13. A more detailed discussion
of the on–shell renormalization of the squark mixing angle θq˜ is given in
19.
The calculation of the SUSY–QCD corrections to the decay widths of
H+ → t˜¯˜b and of the branching ratios of H0 and A0 decays involves both the
stop and the sbottom sector. We have to pay special attention to the parameter
MQ˜ in the on–shell scheme. SU(2)L symmetry requires that at tree–level and
in the DR scheme the parameter MQ˜ is the same in the stop and sbottom
mass matrix (see eq.(4)). However, in the on–shell scheme this is no more the
case, because the shifts from the DR parameters to the on–shell parameters
are, in general, different for the stop and sbottom sectors. In the present case
we choose MQ˜(t˜)|OS in the stop sector as the on–shell input parameter. Then
MQ˜(b˜)|OS in the sbottom sector is shifted by the amount
M2
Q˜
(b˜)|OS =M2Q˜(t˜)|OS + δM2Q˜(t˜)− δM2Q˜(b˜) . (8)
The shift δM2
Q˜
(t˜)− δM2
Q˜
(b˜) is ultra–violet finite due to the underlying SU(2)L
symmetry.
We also include the SUSY–QCD corrections for the Higgs decays into third
generation quarks, taking the formulae of 9,10,11. In the following numerical
examples we assume for the on–shell input parameters the same relations as for
the tree–level quantities, MQ˜(t˜) : MU˜ : MD˜ : ML˜ : ME˜ = 1 :
8
9 :
10
9 : 1 : 1 and
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Figure 1: Feynman diagrams for the calculation of the virtual O(αs) SUSY–QCD corrections
to the decay widths Hk → q˜i¯˜qj and H
k → qq¯.
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A ≡ At = Ab = Aτ . We take mt = 175 GeV, mb = 5 GeV, mZ = 91.2 GeV,
mW = 80 GeV, sin
2 θW = 0.23, α2 = 0.0337, and αs = αs(mHk ) for H
k decay.
We use αs(Q) = 12π/{(33− 2nf) ln(Q2/Λ2nf )}, with αs(mZ) = 0.12, and the
number of quark flavors nf = 5(6) for mb < Q ≤ mt (for Q > mt).
In addition to the tree–level decay width we show in Fig. 2a also the SUSY–
QCD corrected decay width
∑
i,j Γ(H
0 → t˜i¯˜tj) and Γ(H0 → tt¯) as a function
of mA (full lines). In Fig. 2c we show also the SUSY–QCD corrected widths
Γ(A0 → t˜1¯˜t2) and Γ(A0 → tt¯), and in Fig. 3a those of
∑
i,j Γ(H
+ → t˜i¯˜bj)
and Γ(H+ → tb¯). We have taken MQ˜(t˜) = 120 GeV, and for A,M, µ, and
tanβ the same values as in the tree–level calculation. The masses of t˜1, t˜2,
g˜, χ˜01, and χ˜
+
1 are the same as mentioned at the end of Section 2, however,
those of b˜1 and b˜2 are different due to eq. (8). For the parameters used we get
MQ˜(b˜) = 134 GeV, mb˜1 = 127 GeV, and mb˜2 = 151 GeV. This means that the
shift (MQ˜(b˜)−MQ˜(t˜))|OS at one–loop level is about 10% of the tree–level value
ofMQ˜. As can be seen in Figs. 2a, c and Fig. 3a, the corrections to the sums of
the decay widths
∑
i,j Γ(H
0 → t˜i¯˜tj),
∑
i,j Γ(H
+ → t˜i¯˜bj), and to Γ(A0 → t˜1¯˜t2)
are significant and can be larger than 30%. The modes into bottom quarks
and sbottoms are very small compared to the top and stop modes and are
not shown. In Figs. 2b and d we show the SUSY–QCD corrected branching
ratios for H0 and A0 decays into squarks, quarks, charginos and neutralinos,
and in Fig. 3b those for H+ decays. In the examples shown the squark decay
modes are always the dominant ones. The discontinuities in
∑
i,j Γ(H
0 → t˜i¯˜tj)
and
∑
i,j Γ(H
+ → t˜i¯˜bj), and in the corresponding branching ratios, are due to
decay channels opening.
The SUSY–QCD corrections to the widths of individual decay modes into
squarks, H0 → t˜i¯˜tj or H+ → t˜i¯˜bj , may go up to 50%. They may also be
negative. When summed over the individual decay channels, the SUSY–QCD
corrections to
∑
i,j Γ(H
0 → t˜i¯˜tj) and
∑
i,j Γ(H
+ → t˜i¯˜bj) are in many cases
positive, whereas those for the decays into quarks are in general negative.
Therefore, in these cases the branching ratios for decays into squarks are en-
hanced by including the SUSY–QCD corrections.
We also studied the mt˜1 and µ dependence of the tree–level and SUSY–
QCD corrected branching ratios. Figs. 4a and b show the branching ratios∑
i,j B(H
0 → t˜i¯˜tj) and B(A0 → t˜1¯˜t2) as a function of mt˜1 by varying MQ˜ =
MQ˜(t˜), taking mA = 600 GeV, µ = 300 GeV, M = 140 GeV, tanβ = 3, and
A = 280 GeV. Figs. 5a and b show the same branching ratios as a function
of µ, taking MQ˜ = 120 GeV, and the remaining parameters as in Figs. 3. For
µ < 500 GeV the branching ratios for H0 and A0 decays into squarks increase
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Figure 2: Tree–level and SUSY–QCD corrected decay widths into squarks and quarks ((a)
and (c)) and important branching ratios ((b) and (d)) for the neutral Higgs boson decays,
H0, A0 →
∑
i,j=1,2
(t˜i
¯˜tj + b˜i
¯˜
bj) (full line), H0, A0 → tt¯ + bb¯ (dashed line), and H0, A0 →∑
i,j=1,2
χ˜+
i
χ˜−
j
+
∑
i,j=1,4
χ˜0
i
χ˜0
j
(dashed–dotted line), as functions of mA0 .
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Figure 3: (a) tree–level and SUSY–QCD corrected decay widths into squarks and quarks and
(b) important branching ratios for the charged Higgs boson decays, H+ →
∑
i,j=1,2
t˜i
¯˜
bj
(full line), H+ → tb¯ (dashed line), and H+ →
∑
i=1,2
∑
j=1,4
χ˜+
i
χ˜0
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(dashed–dotted line),
as functions of mA0 .
with increasing µ. This is a consequence of the µ–dependence of the widths
for the decays into charginos and neutralinos.
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Figure 4: Tree–level and SUSY–QCD corrected branching fractions of the neutral Higgs
bosons H0 and A0 decaying into squarks, as a function of mt˜1 .
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Figure 5: Tree–level and SUSY–QCD corrected branching fractions of the neutral Higgs
bosons H0 and A0 decaying into squarks, as functions of µ.
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